One of the problems associated with the use of the Hencky equivalent strain in the analysis of experiments in large shear is that it cannot be paired with a work-conjugate equivalent stress. A further problem is associated with the observation that the textures developed in shear differ sharply from those formed during tension or compression, so that the rates of work hardening are also different. The effects of these differences on the von Mises equivalent stress/equivalent strain flow curves determined by testing are discussed.
Introduction
In a recent paper on the use of the Hencky strain to describe experiments in large strain shear, Onaka 1) has omitted two important considerations that must be taken into account. Here we consider these two shortcomings, without which a full understanding of the limitations of the Hencky formalism cannot be attained. The first is that the Hencky strain is not compatible with a work-conjugate description of plastic deformation. Attempts to make the Hencky strain work-conjugate lead to completely unrealistic values of the equivalent stress, as has been documented in detail elsewhere. 2, 3) This is a shortcoming that must be addressed if more than a geometric description of the deformation is desired and the flow stresses and the work done are also of importance.
The second is a more subtle problem and is the one that is treated here. It involves a full description of the textures developed during deformation along different strain paths as well as the differences in the rates of intrinsic work hardening applicable to the various strain paths. It will be shown below that different textures develop along different strain paths and that the grain scale critical resolved shear stresses (CRSS's) also evolve differently along these paths. Recognition of these differences eliminates the need to adopt a non-workconjugate equivalent strain that is particularly applicable to simple shear.
It is useful to begin with the extent to which von Mises equivalent stress/strain curves are different for different strain paths, which is the basic problem that the Hencky formalism attempts to address and that is considered here. This is illustrated in Fig. 1 , in which the experimental results of Ref. 4) for tests carried out in tension, compression and torsion are reproduced. For illustration purposes, a schematic flow curve representing plane strain compression has been added to this diagram; it is the remaining basic strain path and its flow curve again differs from the others. It is readily apparent that the flow stresses increase in the order torsion < plane strain compression < compression < tension and that the integrated work done up to a given equivalent strain also depends on strain path.
Macroscopic and Microscopic Work Hardening
In order to interpret these differences in an appropriate manner, it has been useful to introduce the macroscopically determined yield stress and strain increment tensors and denote them as S and dE, respectively, and the corresponding microscopic quantities in the grains of the polycrystal as · and d¾. On a still finer scale, the critical resolved shear stress (CRSS) in a given grain can be represented by¸, which is linked to the grain flow stress by · = M¸, where the tensor M depends on the orientation of the grain and the geometry of the test. In a similar manner, the sum of the microscopic shears in the grain can be given by s d£ (s) , where the d£ (s) are the microscopic shears in the active systems of the grain. It is clear from the above that d¾ = ( s d£ (s) )/M, where M is the Taylor factor. Finally, it should be added that the relationships between these quantities (and their average values) and S and dE are described in more detail than can be done here in Ref. 4) .
The dependence of the mean Taylor factor M on the sum of the crystallographic shears in the experiments of Fig. 1 is depicted in Fig. 2 . These quantities were calculated using appropriate crystal plasticity models in which both full constraint (FC) and relaxed constraint (RC) boundary 4) as required. Here it can be seen that, at shear strains beyond about 1.5, the average Taylor factor is highest in tension, intermediate in compression, and lowest in torsion. This reflects the large differences in texture and grain orientation that are developed by loading along different strain paths. (The textures produced are not reproduced here for lack of space but are illustrated in Ref. 4 
).)
As a result of the texture and Taylor factor differences, even if the CRSS evolves in an identical manner along the different strain paths (which is definitely not the case, see below), the macroscopic flow stresses will be different for each testing mode. These texture-related differences in the evolution of M with strain were shown in Ref. 4) to be responsible for about one-half of the flow stress differences illustrated in Fig. 1 .
Slip System Activities
We turn now to the contrasting behaviors of the operative slip systems in these tests, which are depicted in Fig. 3 . Here the expression "significant" refers to systems that carry at least 10% of the shear of the most active system. 4) It can be seen that, at shear strains beyond about 1.5, more slip systems are active in tension than in compression and that the smallest number of active systems is associated with the shear mode. Because work hardening takes place as a result of dislocation interaction on intersecting slip planes, it is clear that the rate of work hardening during deformation will be highest when the number of intersecting slip systems is the highest.
This was indeed the case in the experiments of Ref. 4), the results of which are summarized in Fig. 4 . Here it can be seen that the CRSS increases most rapidly in tension and most slowly in torsion. These differences in the rate of dislocationbased work hardening during deformation along different strain paths were shown in Ref. 4) to be responsible for the remaining half of the macroscopic flow stress differences illustrated in Fig. 1 . Although not examined in the above investigation, it is expected that the work hardening rate in plane strain compression/tension again falls above that of torsion and below that for compression.
Summary
It was shown that the average Taylor factor develops differently in tension, compression and torsion, with the lowest values associated with shear deformation. This difference, associated with the difference in the textures developed, is responsible for about half the difference between the equivalent stress/equivalent strain curves determined in tension and torsion. The numbers of active slip systems in the three testing modes were also shown to differ, with the result that the basic work hardening rate in shear is distinctly the lowest of all possible testing modes. This accounts for the remaining part of the flow curve differences. Attempts to unify the flow stress behaviors associated with different loading paths by applying the Hencky equivalent strain to simple shear have the drawback that they are incompatible with work-conjugate descriptions of metal flow. A further difficulty inherent in this approach is that, at large strains, very small Hencky strain increments are associated with very large microscopic shears, s d£ (s) , within the grains, which is physically unrealistic. 
